Abstract: Surface plasmon polaritons have attracted varies of interests due to its special properties, especially in the polarization-controlled devices. Typically, the polarizationcontrolled devices include directional coupling, focusing lens and plasmonic vortex lens, and almost all of them are controlled by the input circularly polarized light or the linearly polarized light. We present a novel device that realize the functions of directional coupling and focusing with high polarization extinction ratio for arbitrary spin of input light. This device offers opportunities for polarization sensing, polarization splitting and polarizationmultiplexed near-field images and surface plasmon holography in the future.
synthesizes the directional coupling and the near-field focus lens, which release a degree of freedom in the polarization-controlled devices and will be competent in the future. In the designed structure, there are two individual columns of air nanoslit arrays with a distance S equal to /4 spp  (or /4 spp   ), as shown in Fig. 1(a) . Because the SPPs emission pattern of the individual nanoslit is anisotropic, the excited SPPs' direction is along the r or -r which is perpendicular to the column direction [3] . The period in q-direction labeled by D is /2 SPP  . The offset of the columns is half a period ( /2 D ), which help to reduce near-field coupling and scattering of the SPPs by neighboring apertures.  is the angle between the long axis (p-axis) of the input elliptically polarized light with the x-axis, as shown in Fig. 1(d) .  denotes the direction of the nanoslit array with respect to slow axis (s-axis). The nanoslits in two columns are placed perpendicular to the long axis and slow axis respectively. The rectangular nanoslit arrays are fabricated in the 150-nanometer-thick gold surface and the dimensions of nanoslits are 50 nm * 200 nm. The input wavelength is 633 nm and the SPPs wavelength of SPP  is calculated to be 606 nm. The focusing process can be understood with two steps. Let us consider the column in the Fig. 2(a) 
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is the final schematic of the proposed structure which is able to realize the directional coupling and focusing.
Directional coupling of SPPs
We use a three-dimensional finite difference time domain (FDTD) method to obtain the SPPs field simulation results and a perfectly matched layer (PML) is utilized as the boundary condition. At first, we set 0   and input different elliptical light of Gaussian beam. There are 11 pairs of nanoslit columns in the x direction and 25 nanoslits for each column and then we rotate the whole structure by ( /2     )with respect to x clockwise for different input situation. The distance among these pairs is SPP  and the SPPs excited by different pairs can interfere with each other constructively, which will help us get an obvious outcome. Light of different spin has been led to the opposite direction whose angle relative to the x-axis is  respectively, as shown in the Fig. 2 . The results turn out to be pretty good. However, it's difficult to calculate the couple efficiency and PER under this circumstance and the SPPs propagating along the x-axis can solve this problem. Also, it costs a lot of time to finish the simulation since there are many pairs. However, it can be seen that we can get an excellent result even if we employ only one pair of nanoslits in the following part. To attain unidirectional SPPs along x-direction in a shorter time, we set only one pair including 50 nanoslits whose schematic is exhibited in Fig. 3(a) . This time we utilize planar wave as the input light with a series of ellipticities and the PML is also employed as the boundary condition. We need only to tune the nanoslits' angle for different inputs. From Fig.  3(b)-(d) , one can see that our scheme can split various left-handedness and right-handedness elliptically polarized components to two contrary directions with a high PER, when the parameters of the device and the input light match each other. It's easy to see that the PER is getting higher gradually as ellipticity increases. And we can notice that even though the ellipticity is extremely low such as 11.3 degrees, the effect is still obvious. 
Es efficiency is considerably close to the theoretical curve. As for the PER, we can know that the PER has almost overpassed 18dB as the ellipticity reach 21.8 degrees and it's impressively high compared to other similar devices that has been reported. The PER is low as the ellipticity is getting smaller, and it's in agreement with our prediction in the previous section. The excited SPPs' phase error of every column may cause this phenomenon. Here we define phase error as the SPPs' phase difference (subtracting /2  ) excited by the separate column of every pair when propagating to the same cross section in z-axis from the original position. We set two linear polarization lights which are perpendicular to the nanoslit individually with a periodic boundary condition and obtain their phase difference. As we can see, the phase errors at low ellipticity is about 6 to 8 degrees whereas the error is only 2 degrees at high ellipticity. Because there is a larger initial phase difference for the low ellipticity, it inclines to mismatch the device parameter which leads to the low PER. Then we increase to six pairs in x-direction to make the light-splitting effect better. As we can see in the Fig. 5(a) , compared with degrees in Fig. 4 (b) , the extinction ratio has enhanced obviously, from 9.06dB to13.39dB, 8.22dB to 14.87dB, for the left-handedness and the right one respectively. Moreover, when the ellipticity of input light is 2.86 degree, an excellent result that the PER are 8.86dB and 9.45dB for the opposite handedness light is still obtained. The promotion of coupling efficiency is caused by the increased coupling region. The increased PER is because the SPPs excited by each pair are constructively interfered in one direction. 
Directional focusing of SPPs
Now we've got a device that is able to split the arbitrary polarization light of different spin perfectly. The next step of the focusing process is to realize a Fresnel zone plate based on the first part. We choose to block the even order zones and set the focal distance to 10 m  . The light excited by different odd order zones could interfere constructively and we could get a focus as we need. From the Fig. 7 , it's clear to find out the input light is focused on a single point for different ellpticity, the contrary side of the structure. The couple efficiency and the PER are shown in the Fig. 8 . In this case, we choose the window function that covers the focus area when we calculate them above. The couple efficiency is still close to the theoretical result and the PER is pretty good in most situations. When the ellipticity is 5.7 degrees, the PER is extremely low especially for the righthandedness. The reason is due to the asymmetry of the structure in the y-direction which is used to improve the light intensity of propagating along the contrary orientation. Besides, since it's complicate to revise the window function according to every input light, we have to make it a little bigger than the precise area of the focus that introduce some stray light to the calculation. Of course, if one wants to enhance the effect of the directional coupling, we can add several pairs interfering constructively with each other. 
Conclusions
In summary, a new method is presented that is able to control the SPPs' directional coupling and focusing by inputting arbitrary spin of elliptical light with high PER. By tuning the angle of nanoslits of every columns and setting a specific distance between these columns, the device works very well according to our numerical achievements. We can understand the focusing process with two steps and the couple efficiency and the PER of every part has been discussed in detail. It is demonstrated that the characteristics of the device can remain stable in a large range of ellpticity. We expect that the proposed structure can be applied for polarization splitting, polarization sensing, polarization-multiplexed near-field images and surface plasmon holography in the future.
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